A method of jet ventilation during total laryngectomy is described. During the construction of the terminal tracheostomy, a small metal tube is used, instead of the traditional tracheostomy tube, to provide intermittent jet ventilation down the distal trachea. A pressure regulator is also employed to choose a driving pressure best suited to the chest and lung compliance of each patient. Excellent surgical access for tracheocutaneous anastomosis is achieved. Satisfactory ventilation during the jet period is also confirmed by unaltered PaC02 and increased Pa02 levels. The use of pulse oximetry as a non-invasive and continuous monitor of arterial oxygenation is a simple alternative to arterial blood sampling.
General anaesthesia for patients undergoing surgery on the trachea may be provided by a number of techniques. Intermittent positive pressure ventilation via a small endotracheal tube inserted into the distal segment of trachea has been used during repair of tracheal stenosis. I Other authors, however, have reported ventilation of patients via a catheter powered by an oxygen injector. 2, 3 Spontaneous ventilation methods employing either volatile agents 4 or intravenous anaesthetics 5 have also been used. During the phase of construction of a terminal tracheostomy in total laryngectomy, controlled ventilation has been the method of choice. This is usually administered via a non-kinking endotracheal tube, or a tracheostomy tube, after the larynx has been separated from the trachea. 6 Since 1983, during the construction of a terminal tracheostomy we have employed a technique of uninterrupted jet ventilation via a curved metal tube. This is to circumvent some of the practical problems we face while using a tracheostomy tube for ventilation.
To the surgeons, a tracheostomy tube in the trachea partly hinders the accurate insertion of sutures between tracheal mucosa and skin edge. When crucial sutures have to be inserted, the tracheostomy tube may have to be removed to allow precise suturing, during which time ventilation is interrupted. This is done frequently when local flaps are employed for terminal tracheostomy reconstruction to prevent later stenosis. 7 The risk of hypoxaemia during the interruption of ventilation, no matter how transient, is undesirable. Patients requiring laryngectomy for carcinoma of the larynx are usually old and a proportion of them have coexisting diseases, with cardiac, vascular and respiratory problems. Our jet ventilation method greatly improved surgical exposure and adequate oxygenation was demonstrated by arterial blood gas analysis immediately following the period of jet ventilation. 8 However, it was also realised that continuous monitoring of oxygen tension throughout the procedure was not available. In addition, the fixed high pressure oxygen injector placed some patients at risk of barotrauma.
In 1987 we modified the technique by incorporating a pressure regulator for the oxygen injector. A pulse oximeter was used to monitor the arterial oxygen saturation continuously during the jet ventilation procedure. The present review reports our experience in employing this modified jet ventilation technique in twenty consecutive patients.
METHODS AND PATIENTS
The equipment for jet ventilation consists of the following ( Figure 1 ): 1. A high pressure oxygen source at 400 kPa capable of producing a minimal flow rate of 1 litre/second. 2. A pressure regulator which can reduce input high pressure oxygen gradually from 400 kPa to 100 kPa for delivery of oxygen at an optimal pressure to the input pressure tubing (AIRE-CUF® Carden Intermittent Jetting Device). 3. An input pressure tubing with a male Luer-lock fitting at the distal end and a spring-loaded control valve to be controlled by the anaesthetist to regulate the rate and duration of ventilation. 4. Another autoclavable pressure tubing fitted with a female Luer-lock at the proximal end and a tapering metal tube at the distal end. This part of the equipment is sterilised as part of the surgical instrument set and is controlled by the surgical assistant after connection to the input pressure tubing. From September 1987 to January 1988, in the Department of Surgery, University of Hong Kong and Anaesthetic Department, Queen Mary Hospital, twenty consecutive patients (ASA I-Ill) who underwent total laryngectomy with or without concomitant pharyngo-oesophagectomy, were studied. The clinical diagnosis was either carcinoma of larynx or hypopharynx. Before operation, lung function tests and arterial blood gas measurements were carried out in all patients. Premedication for patients with normal lung function was with pethidine 1.0 mg/kg and atropine 0.01 mg/kg by intramuscular injection one hour preoperatively. Other patients with more severe respiratory obstruction were given atropine only.
Anaesthesia and Intensive Care. Vol. 18. No. 4. November. 1990 The induction sequence consisted of preoxygenation for five minutes, followed by 2.5% sodium thiopentone 4 mg/kg intravenously. After loss of the eyelash reflex, suxamethonium 1 to 2 mglkg was administered to facilitate endotracheal intubation using oral polyvinyl chloride cuffed endotracheal tubes. A few other patients with limi ted neck extension or trismus after radiotherapy required nasal intubation using fibreoptic laryngoscopy (American Optical LS7). One patient came into the operating theatre with a tube already in place. He was intubated under fibreoptic bronchoscopic guidance in the ward because the tumour obstructed the glottic inlet. 9 In all the patients riondepolarising muscle relaxants were used to allow controlled ventilation using a Penlon Nuffield 200 Ventilator and Penlon co-axial circuit (Mapleson D). Tidal volume was set at 10 mlIkg with a ventilatory rate of twelve breaths/minute. Fresh gas flow to the circuit consisted of a mixture of nitrous oxide and oxygen in the ratio of 2: 1, supplemented with enflurane or isoflurane.
During anaesthesia, monitoring included electrocardiography, intra-arterial measurement of blood pressure, central venous pressure monitoring and peripheral nerve stimulation. In addition, an Ohmeda Biox III Pulse Oximeter with a finger probe was used to monitor the oxygen saturation of haemoglobin throughout the procedure.
About five minutes before the transection of the trachea, the patients were given 100% oxygen while anaesthesia was maintained with bolus doses of ketamine 2 mg/kg or, if the patient was hypertensive, etomidate 0.2 mg/kg with fentanyl 1 to 2 ~g/kg was given. After the trachea had been transected, ventilation was stopped and the endotracheal tube removed. The cut edge of the distal trachea was brought up to the planned tracheostomy site above the suprasternal notch. Four stabilizing sutures were placed to approximate the tracheal edge to the four corners of the planned tracheostomy skin site. The metal injector tube was directed by an assistant surgeon down the centre of the tracheal lumen ( Figure 2 ). Intermittent jet ventilation was then started manually by the anaesthetist who also observed the surgical field closely. A gas flow at a pressure of 100 kPa was used initially, via the pressure regulator, for ventilation.
Ventilation was considered adequate when the chest expanded with each inflow of gas. Otherwise, the driving pressure was slowly increased until adequate chest expansion could be seen. The ventilatory rate was maintained at twenty breathsl minute with an inspiratory duration of one second. After the construction of the tracheostomy, a tracheostomy tube was inserted and intermittent positive pressure ventilation resumed.
Blood gases were checked one hour after induction of anaesthesia, before jet ventilation. This was checked again five minutes after the start of jet ventilation, and twenty minutes after resumption of IPPV. Oximetry readings were observed by an assistant throughout the procedure and the range recorded. The Wilcoxon paired sign rank test was employed for statistical analysis of non-parametric data.
RESULTS
All twenty patients were Chinese males with a median age of 64 years (range 43-86). The median duration of the jet ventilation procedure was 10 minutes (range 5-12 min). The three blood gas readings, 1. before jet ventilation, 2. at five minutes after starting, and 3. twenty minutes after completion of the jet ventilation, are shown in Table 1 . The partial pressure of oxygen was statistically significantly higher at five minutes after jet ventilation than before jet ventilation (P = (}.OO 1). This was also significantly higher than the reading twenty minutes after jet ventilation (P= 0.001). There was no significant difference between other readings. The oximetry recording for all the twenty patients showed 100% oxygenation throughout the jet ventilation period (Table 1) . One patient had irreversible severe airway obstruction with an FEVI/FVC = 44% and a PEFR of 22% predicted. He tolerated his operative procedure as smoothly as the other nineteen patients. There was no case of barotrauma encountered during and after the jet ventilation procedure. Continuous ECG and intra-arterial blood pressure monitoring showed stable haemodynamics during jet ventilation.
DISCUSSION
The equipment used in our study is similar to the inflation catheter technique used by Gillick lo for laryngoscopy, but utilizes the injector techniques of Sanders I I and Spoerel and GreenwayY Besides its use during laryngoscopy, jet ventilation is also effective in maintaining oxygenation in various surgical procedures where the upper airway is shared between the anaesthetist and the surgeon, such as bronchoscopy, 13 micro laryngeal surgery 14, 15 and during tracheal and carinal resection. 2 ,3,16 This method of gas entrainment by the Venturi principle provides adequate alveolar ventilation when applied correctly via the trachea. This is confirmed by the unchanged PC02 levels during intermittent jet ventilation (Table 1 ). The wider variation of Pa02 during this time is due to the mixing of the oxygen jet with different entrained flows of air into the patients' lungs.
The use of a pressure regulator enables the anaesthetist to choose a driving pressure from the gas source to suit the patient's chest and lung compliance. A low pressure which is just enough to produce visible chest expansion is used initially. The resultant low gas inflow minimizes barotrauma to the lungs. Although no serious complication occurred in our previous study,8 the problem of variable volume and velocity of the input oxygen jet then was not desirable. When the pressure regulator is incorporated into the present system, these difficulties are diminished. From the surgical point of view, the traditional method of using a tracheostomy tube during the construction of tracheostomy may result in the tube filling the whole tracheal lumen. The use of a small tube for jet ventilation leaves more space and allows adequate time for precise surgical procedures to be performed at the tracheocutaneous anastomosis. The narrow metal tube injector is convenient as it can be moved round the circumference of the divided end of the trachea to facilitate surgery while at the same time it can provide uninterrupted ventilation ( Figure 2 ). This technique, however, requires close co-operation between the surgeon and the anaesthetist in that the surgical assistant holding the injector must aim the jet orifice in line with the trachea to minimize direct tracheal mucosal damage. The tip of the jet should be placed to stay well above the carina to avoid undue pressure being delivered to small bronchial segments during jet ventilation. No case of pneumothorax or damage to tracheal wall was observed in our patients. Frequent suction around the skin and tracheal edges is necessary to prevent blood trickling down the trachea into the lungs and to avoid blood being blown onto the operator's face.
Recently, high frequency positive pressure ventilation (HFPPV) and high-frequency jet ventilation (HFJV) have become popular in otolaryngological procedures such as laryngoscopy, bronchoscopy17 and tracheal surgery.18-20 These methods provide a lower mean airway pressure than low frequency, large volume ventilation patterns 21 and it would appear to be an alternative to our technique for total laryngectomy. A similar study employing HFJV via a plastic catheter (Pharmaseal®) is underway in our hospital.
Another improvement in this study is the use of pulse oximetry, especially during the period of tracheal transection and jet ventilation, when there is transient interruption of ventilation and the patient is at a high risk of hypoxaemia.
Visual assessment of arterial de saturation is notoriously unreliable. 22,23 Arterial blood gas analysis, used previously to monitor our jet ventilation technique, is nevertheless invasive and Anaesthesia and Intensive Care, Vol. 18. No. 4, November, 1990 non-continuous. Moreover, during the jet period an extra assistant is often required to take the arterial sample while the anaesthetist is controlling the venturi valve. A more convenient means of monitoring arterial oxygenation non-invasively has been reliably achieved by pulse oximetry.
The Ohmeda Biox III Pulse Oximeter used in our technique has been evaluated in intensive care and anaesthesia settings 24 ,25 and has been shown to correlate well (within 2%) with arterial haemoglobin saturation measured with traditional oximetry methods over the clinical range of 70-1000/0. In all our patients, oximeter Sa02 readings of 100% were observed during jet ventilation, correlating well with the simultaneous arterial blood gas results. Consequently, arterial blood gas sampling has since been found unnecessary for this technique.
Of the various conditions that interfere with the accuracy of pulse oximeters, we have found only hypothermic vasoconstriction and radiofrequency current interference from electrocautery units to constitute a problem in our patients.
In anaesthetic techniques that include jet ventilation, pulse oximetry has proved invaluable. Recent editorials in leading journals in U.K.26,27 and U.S.A.28 testify to its importance and value in the practice of anaesthesia and intensive care generally.
In conclusion, our modified jet ventilation technique for total laryngectomy provided adequate ventilation, oxygenation and enhanced safety to the patients and offered optimal operating conditions for surgeons during construction of the terminal tracheostomy.
